Earliest rhinocerotoids from Switzerland are reviewed on the basis of dental remains from the earliest Oligocene north-central Jura Molasse localities of Bressaucourt (MP21/22) and Kleinblauen (top MP22). The record in Bressaucourt is restricted to Ronzotherium and Cadurcotherium, representing Switzerland's oldest, well-dated post-"Grande Coupure" large mammal association, the only occurrence of Cadurcotherium, and the earliest occurrence of rhinocerotoids in Switzerland. The correlation with high-resolution stratigraphy of this locality permitted a dating of the fauna to ca. 32.6 Ma, less than a million years after the "Grande Coupure" event. The rhinocerotoids of Kleinblauen are represented by Epiaceratherium, Ronzotherium and Eggysodon. With the presence of Plagiolophus ministri, they are the only well-dated Swiss post-"Grande Coupure" large mammal assemblage with the persistence of an endemic pre-"Grande Coupure" taxon. Moreover, the coexistence of Epiaceratherium magnum and E. aff. magnum could indicate a new speciation within the Epiaceratherium lineage around the top of MP22. The rhinocerotoid associations of Bressaucourt with Ronzotherium -Cadurcotherium on the western side of the southernmost Rhine Graben area, and Kleinblauen with Epiaceratherium -Ronzotherium -Eggysodon on the eastern side, respectively, reveal a possible environmental barrier constituted by the Early Oligocene Rhenish sea and its eventual connection with the Perialpine sea. This one could have separated an arid area in central-eastern France from a humid area in Switzerland and Germany. These results, combined with the repartition of similar rhinocerotoid associations in Western Europe, also give new insights into an alternative earliest Oligocene dispersal route of rhinocerotoids from Asia towards Western Europe via North Italy.
Introduction
Rhinocerotoids were the most flourishing perissodactyl mammals during Tertiary times, especially in the late Middle and Late Eocene of North America and Asia (e.g., Prothero & Schoch 1989; Prothero 1993) . The primitive sister taxon of the three rhinocerotoid families (Amynodontidae, Hyracodontidae, Rhinocerotidae) was Hyrachyus (Prothero et al. 1986 ). This cosmopolitan tropical forest-dwelling running form occurred in Holarctic Early to Middle Eocene, when Eurasia formed one great landmass and North America was still connected to Europe across Greenland and to Asia via the Bering Strait. By the Late Eocene, however, the main intercontinental connections were disconnected, and each continent developed its own endemic faunas (e.g., Prothero et al. 1986; Prothero 1993) . In Western Europe, apart from the occurrence of Hyrachyus (e.g., Grauves, France; Geiseltal, Germany; see Aguilar et al. 1997) , early rhinocerotoids occurred only in the earliest Oligocene and are still poorly documented throughout this time interval. The record is so far restricted to two "true" rhinocerotid genera with Epiaceratherium and Ronzotherium, and two rhinocerotoid genera with Eggysodon and Cadurcotherium (Prothero 1993; Antoine et al. 2003) . The appearance of these rhinocerotoids together with other new mammal families (e.g., Entelodontidae, Anthracotheriidae, Gelocidae, Cricetidae) coincides with the extinction/origination event named "Grande Coupure" (e.g., Stehlin 1910; Heissig 1987; Hooker 1987 Hooker , 1992 Hartenberger 1998) . The calibration of calcareous nannoplankton and dinocyst zones with sequence stratigraphy in Italy, and an improved correlation between the Hampshire, Paris, and Belgian basins suggest that this European faunal turnover corresponds to the time interval of ca. 33. Ma in the Belgian Basin after Hooker et al. 2004 Hooker et al. , 2009 ; i.e., ca. MP20/21 boundary of the European Mammal reference levels). After Hooker et al. (2004) , it reflects a combined influence of both a global climatic change (the Oi-1 cooling event of Zachos et al. 2001 ) and a major invasion of mammals from Asia, while the Euro-pean and Asian continents fused again after the closure of the Turgai Strait.
In the Molasse Basin, there is no high-resolution stratigraphic record across the "Grande Coupure". The pre-and post-"Grande Coupure" faunas are reconstructed from isolated short sections or fissure-fills. In Switzerland, the only pre-"Grande Coupure" faunas are the famous fissure-fills from Egerkingen (MP14; Brunet et al. 1987) and Mormont (MP16-19; Hooker & Weidmann 2000) , whereas the earliest well-dated post-"Grande Coupure" ones are dated to MP22 and limited to small mammal assemblages (e.g., Balm; Engesser & Mödden 1997) . Even though earliest Oligocene rhinocerotoid remains from Switzerland are known for a long time (Stehlin 1914; Heissig 1969; Uhlig 1999; Becker 2003 ) from the north-central Jura Molasse localities Bressaucourt (Canton Jura, northwestern Switzerland) and Kleinblauen (Canton Basel-Landschaft, northwestern Switzerland), they are still poorly dated and the material is only partially reviewed (Fig. 1) . The focus of the present work is the first complete description of the specimens from Bressaucourt (Ronzotherium filholi, Cadurcotherium minus) and Kleinblauen (R. filholi, Epiaceratherium magnum, E. aff. magum, Eggysodon osborni). New stratigraphical data from the north-central Jura Molasse (Picot et al. 2005 (Picot et al. , 2008 imply that these are the earliest occurrences of rhinocerotoids and post-"Grande Coupure" large mammals from Switzerland, and for this reason their palaeobiogeographical and palaeoenvironmental implications can be discussed from a new point of view.
Geological setting and taphonomy
In the north-central Jura Molasse, earliest Oligocene deposits are controlled by transgression-regression cycles of the Rhenish sea. They belong to the Conglomérats de Porrentruy, Meeressand and Septarienton stratigraphical groups (Berger et al. 2005a, b; Picot et al. 2008) . Whereas three transgression-regression cycles are known within the Rhine Graben during the Oligocene, only the first two are recorded in the Porrentruy region (Ajoie district), and only the second one in the Laufen basin (Fig. 2) . Biostratigraphical data based on calcareous nannoplankton zones, dinoflagellate cyst zonation and mammal reference levels allowed the dating of these marine incursions (Picot et al. 2008) . After Storni (2002) and Picot et al. (2008) , the first recorded transgression corresponds to the biozone top NP21-base NP22 (ca. MP21) in the Mulhouse area and the Ajoie basin. According to the dinocyst zonation of Simaeys et al. (2005) , the second one, the global Rupelian transgression, Fig. 2A-C) , including the two first transgression-regression cycles of the Rhenish sea (modified after Berger et al. 2005b and Picot et al. 2008) . The mammal-bearing deposits of Bressaucourt were recorded during the transitional continental phase between the two marine incursions (Fig. 2B) , and those of Kleinblauen during the onset of the regression of the second incursion (Fig. 2C ). simultaneously invaded the whole north-central Jura area during the NSO-2-NSO-3 (ca. top NP22-base NP23; ca. MP22). Its regression was clearly diachronous, occuring from NP23 to NP24 (ca. top MP22-MP23) in two directions, westwards and northwards. The Bressaucourt mammal locality near Porrentruy (Canton Jura, northwestern Switzerland) was discovered by Choffat (1878), but he gave very little documentation about the outcrop. The specimens are trapped in a calcarenitic matrix-supported gravel, considered by Becker (2003) and Picot et al. (2008) as belonging to the Meeressand, according to the coordinates given by the Register of the Tertiary Mammal-bearing localities of the Naturhistorisches Museum Basel (locality CH/1085/3). However, after the indications of Choffat (1878), the locality was located north of Bressaucourt, whereas the coordinates of the Register of the Tertiary Mammal-bearing localities are south of Bresseaucourt and are in fact confused with a cerithid locality (Calcaires à Cérithes d'Ajoie Formation). The latter locality is also signaled south of Bresaucourt in the Geologischer Atlas der Schweiz (Diebold et al. 1963; Laubscher 1963) . New observations of the matrix and the geological map indeed suggest that the mammal locality of Bresseaucourt corresponds to the earliest Oligocene deposits of the Conglomérats de Porrentruy, and more precisely probably to the continental interval, which is interpreted as a fluvial fan delta environment between the first and the second marine cycle (Picot et al. 2008) .
The Kleinblauen locality, located north of Laufen, is slightly younger than Bressaucourt. The fossil material comes from a coarse sandstone bed (Jenny 1905; Bitterli 1945) at the top of the coastal marine deposits of the Meeressand, at the beginning of the regression of the second marine cycle (Fig. 3) .
The material of both localities is mainly composed of unworn dental remains, without abrasion nor polish marks. This indicates that the bones were disarticulated (by decay or scavenging) before deposition and fossilisation and excludes a long post-mortem transport, and thus an important time averaging. However, the preservational contexts are quite different. In Bressaucourt, the material is represented by scarce isolated elements preserved in sediment gravity deposits, whereas in Kleinblauen it was found in a deltaic bone bed with sorting, transport, concentration and mixture (shark teeth are also preserved).
Material and methods
All the rhinocerotoid specimens from Bressaucourt and Kleinblauen have been reviewed to ensure their taxonomic identification. The Plagiolophus specimen (NMB-KB20) from Kleinblauen has also been reviewed to better assess the biostratigraphy of this locality.
The rhinocerotoid dental terminology follows Uhlig (1999) and Antoine (2002) , and the dental measurements are taken according to Guérin (1980) . For the Plagiolophus specimen, the terminology and measurements are after Remy (2004) and Franzen (2007 Fig. 4b1-b2) . Description: These cheek teeth are medium-sized and brachyodont (Tab. 1), and the three upper molars (M1-3 dext.) could belong to the same individual. There is neither enamel foldings nor cement. The enamel is thin, wrinkled at the neck, and arborescent on the top of the crowns.
The upper molars display no labial cingulum (except a weak cingulum under the parastyle), a reduced lingual cingulum under the protocone and the hypocone (even absent on M3), a weak crochet restricted to the top of the crown, a low-developed antecrochet, a weak constriction of the protocone and a metaloph groove, a rather faint bulging paracone folding flattened on the base of the crown, as well as a fine and elongated parastyle. The median valley (= medisinus) is sickle shaped, closed by a lingual cingulum, and displays a labial pit. M1-2 are four-rooted and trapezoid, with a metaloph shorter than the protoloph. The metastyle is elongated and fine. The hypocone is posterior to the metacone, the metacone folding is absent, and the posterior part of the ectoloph is concave. The parastylic groove is well-marked on M2 but less pronounced on M1, and always smooth on the base of the crown. Both the postfossette and the median valley are deep (same depth), the postfossette being limited by a continuous posterior cingulum. The anterior cingulum is waved. M3 is triangular-shaped, with a very smooth and faint ectoloph/metaloph angle, and a completely reduced metacone. The roots are not visible. The anterior and posterior cingula are rectilinear. The parastylic groove is sharp and wellmarked. Hooker et al. 2004 Hooker et al. , 2009 Picot et al. 2008) . The Magnetostratigraphy (M), the Chronostratigraphy, the Mammal reference levels and the Calcareous nannoplankton zones are based on Luterbacher et al. (2004) , and the sequence chronostratigraphy on Hardenbol et al. (1998) . Oi-1 Glaciation: cooling event at the Eocene/Oligocene boundary based on global deep-sea oxygen and carbon isotope records (after Zachos et al. 2001) . Rhine Graben and north-central Jura Molasse dating pinpoints: a, Altkrich (NP21, MP21; Storni 2002); b, Bressaucourt (MP21/22; this study); c, Rossemaison borehole (presence of Theridomys aquatilis, MP21; M. Weidmann, pers. comm., B. Engesser, identification); d, Étang (NP22-base NP23; Picot et al. 2008 ); e, Beuchille Est (NP22-base NP23; Picot et al. 2008) ; f, Laufen (NP22-base NP23; Picot 2002); g, Kleinblauen (top MP22; this study); h, Beuchille base (MP23; Becker et al. 2004) and Beuchille top (MP24; Becker et al. 2004 ); i,Weinheim-Alzey (MP23; Uhlig 1999); j, Wolfsheim (MP24; Mödden et al. 2000) . Regarding p4, its shape is subrectangular with an anterior narrowing-up. It displays also an angular external groove vanishing before the neck, an angular trigonid with an acute dihedron, a metaconid and an entoconid joined to the metalophid and the hypolophid respectively, a V-shaped lingual opening of the valleys (the basic line of the posterior valley is subhorizontal and lower than that of the sloping anterior valley), a short paralophid parallel to the metalophid. The lingual cingulum is absent and the labial cingulum reduced. Discussion: Jenny (1905) , Roman (1911) , and Stehlin (1914) assigned a part of the rhinocerotid remains from Kleinblauen to cf. Ronzotherium reichenaui, Eggysodon osborni and Rhinoceros (Engyodon) reichenaui (= Eggysodon reichenaui), respectively. The referred specimens bear several synapomorphies of Rhinocerotidae, such as the fusion of the ectoloph and the metaloph into an ectometaloph on M3, and the presence of antecrochet and crochet on upper molars Antoine 2002) . Among the common Early Oligocene rhinocerotids, Ronzotherium differs by larger dimensions, the presence of a labial cingulum, and a continuous lingual cingulum (Heissig 1969; Brunet 1979) . Protaceratherium albigense displays upper molars of smaller dimensions, a longer protoloph, no labial pit of the median valley, no crochet, more developed protocone constriction and antecrochet, and a continuous labial cingulum, only reduced under the metacone and the protocone. Its lower premolars have a labial cingulum and the lingual openings of the valleys are closed by a bolt of cingulum (Roman 1911; Hugueney & Guérin 1981; Uhlig 1999) . The dimensions (Tab. 1) and morphological features of Kleinblauen teeth are diagnostic characters of Epiaceratherium magnum (Uhlig 1999; Becker 2003) : a reduction of the metacone folding, an onset of development of a crochet restricted to the top of the crown, a labial pit of the medisinus, a triangular-shaped M3, as well as an entoconid joined to the hypolophid and an anterior narrowingup of the outline in p4. They differ from E. bolcense by larger dimensions, a marked metacone, and the absence of a crochet on the upper molars; a trapezoid M3 and a longer paralophide on p4 (Dal Piaz 1930; Uhlig 1999) . Accordingly, the referred material is assigned to E. magnum.
Epiaceratherium aff. magnum UhliG 1999
Referred material: Kleinblauen (NMB): toothrow with P3-M1 sin. (KB7/1-7/3; Fig. 4f ). Description: The enamel of these upper cheek teeth is comparable to that of the referred specimen assigned to E. magnum. The upper premolars are broader than long, their shape is rectangular with a distal thinning down on P4 (metaloph shorter than the protoloph). The ectoloph profile is characterized by well-marked bulging paracone folding and parastyle, a sharp parastylic groove in the upper part of the crown, and faint mesostyl and metacone folding. The metastyle is not developed on P3 and slightly marked on P4. A crista, an antecrochet, and an anterior protocone groove are developed. The median valley forks labially around the crista. Both the postfossette and the median valley are deep (same depth). The metaloph is rectilinear in P3 and S-shaped in P4. P3 is submolariform to semimolariform (hypocone united to the metaloph and with a bridge to the protocone) and P4 is submolariform (hypocone united to the protocone and with a thin bridge to the metaloph). The lingual wall is marked by a smooth groove. The labial cingulum is absent. The anterior cingulum is rectilinear on P3 and slightly waved on P4. The posterior cingulum is continuous and lowered on the level of the posfossette. The lingual cingulum is strong and continuous, elevated under the protocone and the hypocone. M1 is closer to the referred specimen assigned to E. magnum (NMB-KB84; Fig. 4c ). The main differences are a well-developed protocone constriction and a strongly marked antecrochet. Discussion: Uhlig (1999) and Becker (2003) did not review these specimens. They display a more advanced dental wear than the specimens referred to E. magnum and belonged undeniably to a distinct individual. Their dimensions (Tab. 1) and morphological features, such as the strong lingual cingulum elevated under the main cones, the visible metacone folding, and the presence of a crista on the premolars, are characteristic of the genus Epiaceratherium and closer to E. magnum. However, the well-developed protocone constriction and the strongly marked antecrochet on M1, as well as the anterior protocone groove and the lingual wall marked by a smooth groove on P3-4, point to derived characters similar to those described by Uhlig (1999) for the Epiaceratherium specimens from Offenheim (MP23, Germany). This author assigned this material to E. aff. magnum. The richness of Kleinblauen specimens does not allow currently to make a decision regarding a new species identification. Following the proposition of Uhlig (1999) , the referred specimens are provisionally identified as E. aff. magnum.
Ronzotherium aymarD 1854
Ronzotherium filholi (OsBOrn 1900) Description: The referred adult cheek teeth from Kleinblauen are medium-to large-sized and brachyodont (Tab. 1), without enamel foldings nor cement. The enamel is medium-thick and wrinkled. The upper premolars P3-4 are three-rooted, widened, trapezoid-shaped (lingual wall slightly shorter than the labial wall), and premolariform to submolariform. The ectoloph profile is characterized by a flattened parastyle, a smooth paracone, and a metacone folding flattened at the base of the crown. The hypocone is united to the protocone. It is separated from the metaloph at the top of the crown, but united to it with a thin bridge at the base. The metaloph is S-shaped. The hypocone is developed distally and, mainly on P4, is more labial than the protocone. The cingulum is strong, continuous on the four sides. The labial one is less developed and the lingual one is high and elevated under the protocone and the hypocone. The postfossette is narrow and shallow. There are neither protocone constriction nor antecrochet, but a crista and a thin crochet. The latter is developed in a small fossette on P4 specimen NMB-KB63a (Fig. 4i) . The lingual wall is curved and marked by a smooth lingual groove on P3, acute and well-developed on P4.
The upper molars M1-2 are four-rooted. The lingual cingulum forms a bolt closing the incised S-shaped median valley and is reduced under the hypocone. The labial cingulum is reduced under the paracone. The antecrochet is developed, but the protocone constriction is absent. The paracone folding is strong and the parastyle rather acute and lengthened forward. The mesostyle and the metacone folding are absent, the posterior part of the ectoloph is straight. The crista, the crochet and the postfossette are not observable due to the wear of the specimens. M3 is quadrangular-shaped with a posterior groove on the ectometaloph. The protoloph is transverse and unconstricted. A stout antecrochet is poorly developed. The cingulum is reduced under the paracone and labially prolongated inside the median valley in a tuber.
Tooth m3 displays a developed external groove vanishing before the neck. The anterior cingulum is strong, the labial one continuous and the lingual one reduced backward. The trigonid is angular, with a right dihedron. The metaconid and the entoconid are joined respectively with the metalophid and the hypolophid. The paralophid is slightly curved backward. The valley openings are close to the neck, the anterior one V-shaped and higher than the U-shaped posterior one. The basic line of the anterior valley is sloping and the posterior valley is subhorizontal.
The lower milk teeth of specimen NMB-OB7 ( Fig. 4g1-g2 ) from Bressaucourt display a labial cingulum reduced under the marked external groove. The base of the corpus mandibulae is straight (height under d1/2 = 55.5; d2/3 = 56.5; d3/4 = 59.0). The posterior valley opening is V-shaped, the hypolophid transverse, and the protoconid folding developed. Tooth d1 is tworooted. Tooth d2 displays an anterior groove on the ectolophid, a metaconid fused with the metalophid, and a double paralophid with short transverse and sagittal branches. The metaconid of d3 is mesially constricted but not isolated. The paralophid is more developed than that of d2, displaying longer transverse and sagittal branches. Discussion: Numerous dental features of the referred material (presence of an antecrochet on the upper molars, M3 with the ectoloph and the metaloph fused into an ectometaloph) point to Rhinocerotidae Antoine 2002) . The specimens differ from the European late Early and Late Oligocene Protaceratherium albigense mainly by their larger dimensions, a less developed molarisation of the upper premolars, and a more developed lingual cingulum on the upper molars (Uhlig 1999; Lihoreau et al. 2009 ). Compared to Epiaceratherium magnum, the specimens are larger, P3-4 less molarized, the postfossettes and median valleys of the upper cheek teeth less deep, the hypocone stronger on the upper premolars, and M3 quadrangular-shaped (Uhlig 1999) . The labial cingulum is developed on m3. The latter bears a longer paralophid, a right dihedron of the trigonid, a higher lingual opening of the anterior valley, and a U-shaped posterior valley. The lower milk teeth from Bressaucourt differ also from E. magnum by having a labial cingulum and a protoconid folding, as well as an ectolophid anterior groove and a shorter paralophid sagittal branch on d2.
The referred cheek teeth display dimensions (Tab. 1) and morphological features typical of Ronzotherium, such as the brachyodonty, pre-to submolariform P3-4, molars with a strong antecrochet, and lower cheek teeth with a high lingual opening of the anterior valley (trigonid higher than talonid). However, the dimensions hardly allow an identification to the species level.
The poor fossil record of the Mongolian R. brevirostre permits nevertheless to point to morphological differences with the Kleinblauen and Bressaucourt specimens, such as a moderately long paralophid, no labial nor lingual cingula, and a short talonid on m3, and a one-rooted d1 (Heissig 1969; Brunet 1979; Dashzeveg 1991) .
The specimens from Kleinblauen bear a combination of diagnostic characters of R. filholi, including narrow and shallow postfossettes, broad upper premolars with a S-shaped metaloph, a distally strong hypocone and a strong lingual cingulum; upper molars with a reduced lingual cingulum; lower molars with a continuous labial cingulum, a reduced lingual cingulum, and a U-shaped posterior valley (Brunet 1979) . They can be distinguished from R. velaunum and R. romani by their intermediary state. R velaunum is more primitive with more developed cingula, more shallow postfossettes on upper cheek teeth, and higher lingual openings of valleys on lower cheek teeth. Ronzotherium romani bears more derived features as reduced cingula, a deeper and broader postfossette, sub-to molariform P3-4, a straight metalophe on upper premolars, and a weaker external groove on lower cheek teeth (Heissig 1969; Brunet 1979; Emery 2004) . The milk teeth from Kleinblauen display a short sagittal branch of the paralophid on d2 and a longer one on d3, very similar to R. filholi from Villebramar. On the other hand, R. velaunum from Ronzon and Lagny-Thorigny differs by its more developed paralophid on d2-3 and R. romani from Gaimersheim by a reduced d2 (Heissig 1969; Brunet 1979) .
Therefore, based essentially on diagnostic dental morphology, the specimens from Kleinblauen and Bressaucourt can be referred to R. filholi with confidence. This confimrs the assignations of Brunet (1979) and Becker (2003) . According to Brunet (1979) -and contrary to the evolution in separate lineages (R. velaunum; R. filholi filholi -R. f. elongatum; R. f. filholi -R. f. romani) suggested by Heissig (1969) -Ronzotherium filholi seems to correspond to a transitional form between the primitive R. velaunum and the derived R. romani into an anagenetic evolution. Fig. 4a1-a2) . Description: The specimen is two-rooted, mesodont (Table 1 ; Hypsodonty Index sensu Guérin 1980: 100 × H/L = 110.2), very narrow, and lengthened (transverse reduction). The lingual side of the tooth is still trapped in its conglomeratic matrix and therefore observable only in the upper part of the crown. The paralophid is very short, the lingual branch of the metalophid is short and oblique, and the hypolophid is poorly developed (almost sagittal) and distally tapered and elongated on the upper part of the crown. The labial side of the tooth is very slightly convex and the external groove is absent. The valleys are lingually open, the anterior one is weakly marked and the posterior one slightly more developed. No labial cingulum is present. Discussion: The referred specimen bears the main synapomorphies of the lower molars of Amynodontinae (elongated, lost external groove, valleys open lingually). According to Roman & Joleaud (1908) , Osborn (1923) , Wall (1989) , Bonis (1995) , and Lucas (2006) , its dental morphology displays diagnostic characters of the genus Cadurcotherium (elongated and very narrow, absence of external groove, rather developed hypsodonty, short and oblique lingual branch of the metalophid). Usually, the Cadurcotherium lower cheek teeth bear also a marked W-shaped lingual cingulum (see the specimens from the old collection of the Phosphorites du Quercy: Cadurcotherium cayluxi, coll. NMB QP591; Cadurcotherium minus, in Roman & Joleaud 1908, pl. III-2) , but this character cannot be observed on the Bressaucourt specimen. They can also display a weak labial cingulum on the anterior part, particularly on m3. The latter character, which seems to correspond to an intrageneric variation, is not present on the Bressaucourt specimen. Based on size differences, Roman & Joleaud (1908) separated the Cadurcotherium genus in Europe into three successive species (C. minus, C. cayluxi, C. nouleti). However, following Bonis (1995), C. nouleti is probably a synonym of C. cayluxi, due to insignificant variations in dimensions, and only the succession C. minus -C. cayluxi is probable.
The Cadurcotherium cayluxi specimens from the Phosphorites du Quercy (Roman & Joleaud 1908, pl. II-1, 2) and Garouillas (Bonis 1995) differ essentially from the Bressaucourt specimen by larger dimensions (Tab. 1). On the other hand, the latter displays morphology and dimensions closer to Cadurcotherium minus from the Phosphorites du Quercy illustrated by Roman & Joleaud (1908; pl. III-2) . In the same way, m2 illustrated by Roman & Joleaud (1908; pl. III-3) and identified as C. cayluxi is close to m2 from Bressaucourt, identified as C. cayluxi by Stehlin (1914) . In fact, these two specimens shoud be ascribed to Cadurcotherium minus. . The referred specimen (NMB-KB28) is broken in front of the canines, only the i2 sin. socket is preserved. It displays a socket for a likely one-rooted d1, a broad and nearly horizontal mandibular symphysis, a straight ventral profile (height under p2/3 = 47.5; p3/4 = 49.5; p4/m1 = 53.5; m1/2 = 55.5; m2/3 = 57.0), a ramus inclined forward, a strong angle and a rather developed processus coronoideus. It bears three foramen mentale located under the canine, under p2 and under p3. The posterior margin of the symphysis is short (in front of p2). The fragmentary juvenile specimen (NMB-KB29; Fig. 4p1-p3 ) displays a straight ventral profile and a foramen mentale located under the d2/3 sockets.
The canines of the specimen NMB-KB28 are large (Tab. 1). The roots are distally strongly curved and they are double as high than the crowns. The cross section of the crowns is oval shaped, with a sharp distal edge and a smooth mesial worn edge.
The enamel of the referred teeth is thin. It is wrinkled at the neck and arborescent on the top of the crown of upper checkteeth, and just wrinkled on lower cheek teeth and canines. The cheek teeth are small-sized and the crowns low (Tab. 1; brachyodont type). The only upper premolar and M3 are represented by the specimen NMB-KB14, but the labial side of this part of the maxillar is strongly damaged. P4 displays a strong continuous lingual cingulum, mesially and distally elongated. It is submolariform with an oblique metaloph united to the hypocone by a weak bridge. M1-2 display simple structures, without crochet nor crista nor protocone constriction, but just a low and poorly developed antecrochet. The median valley is S-shaped, lingually widened, and closed by a cingulum bolt. The anterior and posterior cingula are marked and continuous, and the lingual cingulum is reduced under the main cusps. The ectoloph profile is concave backward with just a very weak metacone folding on specimen NMB-KB144 (Fig. 4o) . The paracone folding is strong and smooth, but flattened on the base of the crown. The parastyle and the metastyle are elongated and acute. M3 displays a curved median valley closed by a weak lingual cingulum, reduced under the protocone and the hypocone. The anterior cingulum is present, while the posterior one is absent.
Tooth p2 displays a smooth external groove. The paralophid, the lingual branches of the metalophid and the hypolophid are very short. The other lower cheek teeth display an angular external groove vanishing before the neck, an angular trigonid with an acute dihedron, and a very low forward hypolophid in comparison to the metalophid. Teeth p3-4 display a waved labial cingulum (reduced under the protoconid on the specimens NMB-KB12 and NMB-KB29; Fig. 4p1-p3 ) and a weak lingual cingulum reduced under the metaconid, which can be very weakly constricted. The lingual valleys are low (same depth), the posterior one is U-shaped and the anterior one V-shaped. The lower molars display a reduced labial cingulum, a low and medium long paralophid, V-shaped lingual valleys (the posterior one is broader than the anterior one), and sometimes the entoconid is extended by a short and thin forward branch. The lingual cingulum is absent. Milk tooth d4 of the specimen NMB-KB29 (Fig. 4p1-p3 ), except thinner enamel and smaller size, has the same characters as the molars. It has neither constriction of the metaconid and the entoconid nor protoconid fold. Discussion: The general dimensions, the developed lower canines in a hook shape, the concave backward ectoloph profile, the weak metacone folding and the marked parastyle on M1-2, the marked external groove, and the very low forward hypolophid (in comparison to the metalophid on lower cheek teeth) place the referred specimens in the subfamily Eggysodontinae (Heissig 1989; Bonis & Brunet 1995; Uhlig 1999) . The combination of mandibular and dental characters, including a spindly and low mandible, large lower canines with distal and mesial edges, a submolariform P4 with a strong continuous lingual cingulum, upper molars with a strong paracone folding, a weak antecrochet and a reduced lingual cingulum closing the median valley, a one-rooted d1, and lower premolars with a continuous to reduced labial cingulum and a lingual cingulum reduced under the metaconid, is typical of Eggysodon from the Oligocene of Europe (Uhlig 1999) .
The specimens from Kleinblauen are similar in size to E. osborni and E. reichenaui, but markedly smaller than E. gaudryi and slightly smaller than E. pomeli, whereas the molarisation of P4 (submolariform) corresponds rather to that of E. gaudryi and E. pomeli (that of E. osborni being pre-to submolariform and that of E. reichenaui premolariform). The dental anatomies differ from E. gaudryi, E. reichenaui, and E. pomeli by a much reduced to absent labial cingulum on the cheek teeth and weaker metacone folding and antecrochet. On the other hand, they are very close to those of E. osborni from Möhren 13, widely described and figured by Uhlig (1999) , notably for the angular external groove and the very low forward hypolophid in comparison to the metalophid of the lower cheek teeth, the weaker entoconid on p2, the low and medium long paralophid on lower molars, and the absence of protocone constriction on upper molars. However, the dimensions (Tab. 1) are slightly larger and the parastyle longer but similar to the specimens from LagnyThorigny. Following Uhlig (1999) and Becker (2003) , and partially Roman (1911) , the referred specimens can confidently be assigned to E. osborni. In particular, the mandible NMB-KB28 (figured by Uhlig 1999: pl. III) supports very close affinity with the specimen MNHN-OBP16 from Lagny-Thorigny (Bonis & Brunet 1995: p. 183, tab. 1 & pl. 1, fig. 2; Uhlig 1999: p. 148, tab. 121) . In regard to the large size of the canines, this mandible probably belonged to a male adult, highlighting a great sexual dimorphism in the genus Eggysodon and maybe even in the family Hyracodontidae, as already suggested by Bonis & Brunet (1995) and Uhlig (1999) Equoidea
Referred material: Kleinblauen (NMB): m2 sin. (KB20; Fig. 4q1-q2) . Description: The referred specimen displays two unfused angular crescents of the same dimension, an acute parastylid, a bulging praeprotocristid, a metastylid indistinguishable from the metaconid, a well-marked praehypocristid, a deep angular external groove, and a high and narrow hypoconulid. The lingual valleys are V-shaped, the anterior one broader and the posterior one deeper. The entocingulid is reduced, closing the lingual valley, and the ectocingulid is present only at the level of the external groove. Discussion: According to generic diagnostic characters (e.g., unfused crescents, indistinguishable metastylid, presence of a hypoconulid), m2 from Kleinblauen clearly belongs to the genus Plagiolophus. It was assigned to P. cf. fraasi by Stehlin (1914) , but P. fraasi seems to have been frequently used as a "basket" taxon. Remy (2004) , in his review of the genus Plagiolophus, attributed many specimens, ascribed to P. fraasi in the literature, to the species P. ringeadei or P. ministri. The dimensions (Tab. 1) and morphological features (e.g., high and narrow hypoconulid) of the referred specimen display the best similarities with those of Villebramar, which were ascribed to P. ministri (middle-sized species between P. ringeadei and P. huerzeleri) by Brunet & Jehenne (1989) and by Remy (2004) . According to these authors, the review of this specimen allows a new identification as P. ministri. This palaeotherid represents the only unambiguous occurrence in Switzerland of an endemic pre-"Grande Coupure" taxon recorded in the earliest Oligocene within a post-"Grande Coupure" assemblage.
In fact, the identification of an isolated metapod of a palaeotherid (McII dext. cast; NMB-UM6432) from the mammal locality of Vaulruz (Grès de Vaulruz Formation, Subalpine Molasse, southwestern Switzerland) is still uncertain, and moreover, this locality is poorly dated (Early Oligocene). Stehlin (1938) assigned it to Plagiolophus javali, Weidmann et al. (1982) suggested Palaeotherium medium suevicum (after an identification of J.L. Franzen), whereas J. Hürzeler (pers. comm. in the Register of the Tertiary Mammal-bearing localities of the Naturhistorisches Museum Basel; locality CH/1224/2) underlined similarities with the specimens from Villebramar (France). According to the last hypothesis, Weidmann (1993) signaled the palaeotherid specimen of Vaulruz as P. fraasi and attributed the locality to the mammal reference level MP22. Following the works of Brunet & Jehenne (1989) and Remy (2004) , the metapod should belong to P. ministri, but after my own observations, the dimensions of the specimen (L = 129.0; TDprox = 11.0; APDprox = 18.0; TDdia = 9.5; APDdia = 13.5; TDdist = 14.5; APDdist = 16.5) are strongly similar to those of Palaeotherium medium (comparison with an unregistered specimen cast of P. medium from the Naturhistorisches Museum Basel), that could then date the Vaulruz locality to the basal Oligocene (MP21?). Figure 5 illustrates the occurrence of Late Eocene -Early Oligocene Eurasian rhinocerotoids, with emphasis put on the European record. The assemblages from Bressaucourt and Kleinblauen are typical for the Western European post-"Grande Coupure" fauna. They are composed by three families (Rhinocerotidae, Amynodontidae, Hyracodontidae) that arised with the mammal migration wave from Asia into Europe following this palaeobiogeographical event. The Kleinblauen faunal composition is further characterized by the presence of Plagiolophus ministri, an Early Oligocene representative of the pre-"Grande Coupure" European endemic Palaeotheriidae. Ronzotherium filholi, Eggysodon osborni and the genus Epiaceratherium are common in the mammal reference levels MP21-MP23 (e.g., Brunet 1979; Heissig 1989; Uhlig 1999) . After Uhlig (1999) , E. aff. magnum (top MP22-MP23) would be the derived form of Epiaceratherium magnum (MP21-base MP23). Cadurcotherium minus occurs in the well-dated localities of Bournoncle (MP21) and Barlières (MP22) in central-eastern France (Hugueney 1997) . According to Brunet (1979) , Bonis & Brunet (1995), and Hugueney (1997) , the older C. cayluxi -the second European Cadurcotherium species -is recorded in Isle-surSorgues (MP22-23), Étampes (MP24), Vendèze (MP24), and Garouillas (MP25). This suggests that the succession in the time C. minus -C. cayluxi seems to occur at MP22-23. Uhlig (1999) signals also Cadurcotherium sp. in Weinheim-Alzey (MP23), the only occurrence of this taxa in Germany. Finally, the biostratigraphical range of Plagiolophus ministri is restricted to the mammal reference level MP22 (Remy 2004) .
Discussion

Biostratigraphy
The R. filholi and P. ministri specimens from Kleinblauen are analogous to those from the MP22 reference locality of Villebramar, whereas the E. magnum and E. aff. magnum specimens are closer to those of the type localities Möhren 13 (MP22) and Offenheim (MP23), respectively. On the other hand, the E. osborni specimens are rather close to those of Lagny-Thorigny (MP21), in particular with respect to the dimensions of the lower canines, but the Hyracodontidae morphometry is strongly variable, mainly due to high sexual dimorphism (e.g., Bonis & Brunet 1995; Uhlig 1999) . Moreover, Böhme (2001) signals unpublished material of Entelodon deguilhemi (Suiforme) in Kleinblauen (broken canine NMB-KB22) -a European taxon that is restricted to the mammal reference level MP22. Therefore, all these results permit to assign Kleinblauen to MP22 with confidence, as already suggested by Brunet (1979) and Becker (2003) , but contrary to Uhlig (1999) who proposed a possible slightly older age (MP21-22). The combined occurrence of E. magnum and E. aff. magnum even suggests an age top MP22.
Initially, the age of Bressaucourt was dated lithostratigraphically to the local Rupelian Meeressand and biostratigraphically to the mammal reference level MP22 (e.g., Becker 2003; Picot et al. 2008) . However, the association of R. filholi (closer to the specimen from Villebramar, see discussion above) with C. minus (new identification, this work) suggests a new biostratigraphical interval corresponding to the interval MP21-MP22 for this locality.
Updating the results of Storni (2002) and Picot et al. (2008) , the regional lithostratigraphical and biostratigraphical (calcareous nannoplankton, dinoflagellate cyst and mammal datings) data permit a good correlation with the European sequence chronostratigraphy (sensu Hardenbol et al. 1998 ) and calibration with the global time scale (Fig. 3) . The transgression-regression cycles of the Rhenish sea during the Rupelian can so be related to the Pr4/Ru1 sequence of Hardenbohl et al. (1998) for the first, and to the Ru2 sequence of Hardenbohl et al. (1998) for the second cycle, respectively. As a result, the rhinocerotoids from Bressaucourt are probably related to the strictly continental beds of Conglomérats de Porrentruy, deposited just after the first Rhenish marine incursion and dated to the biostratigraphical interval MP21/22-base MP22 (ca. 32.6 Ma). According to the stratigraphical record of the earliest post-"Grande Coupure" fauna of the Hampshire Basin, the Paris Basin, and the Belgian Basin (Hooker et al. , 2009 ), Bressaucourt occurred less than a million years after the highresolution stratigraphical interval of the "Grande Coupure" (ca. 33.6-33.4 Ma in Belgian Basin after Hooker et al. 2004 Hooker et al. , 2009 . Regarding Kleinblauen, its stratigraphical position can be strengthened, as the local faunal record occurs at the end of the regressive phase of the second Rhenish marine incursion, corresponding to top MP22. This supports the biostratigraphical range proposed for both occurrences of E. magnum and E. aff. magnum.
Palaeobiogeographical and palaeoenvironmental implications
The association Epiaceratherium -Ronzotherium -Eggysodon is frequent in the earliest Oligocene of Western Europe, but especially in southwestern France, in Switzerland, and South Germany, occurring in Villebramar (MP22, Aquitaine Basin; Heissig 1969; Brunet 1979; Uhlig 1999) , Kleinblauen (MP22, Swiss Molasse Basin), Ronheim 1 (MP22, German Molasse Basin ; Heissig 1987; Uhlig 1999), and Espenshain (MP22, Weisselster Basin; Böhme 2001) . On the other hand, the association Ronzotherium -Cadurcotherium is scarce and seems to be restricted to an area between central-eastern France and the western side of the Rhenish sea, the latter today naturalised by the Rhine Graben. The only well-dated localities are Bournoncle (MP21, Massif Central; Hugueney 1997) , Barlières (MP22, Massif Central; Hugueney 1997) and Bressaucourt (MP21/22, north-central Jura Molasse). It seems that Eggysodon and especially Ronzotherium display no real geographical discrimination. The association Ronzotherium -Eggysodon is for exemple recorded in Lagny-Torigny (MP21, Paris Basin ; Brunet 1979; Uhlig 1999) . According to Uhlig (1999) , Epiaceratherium could be a highly-specialized taxon living in swampy to humid forest, whereas Ronzotherium and Eggysodon would be more ubiquitous (Tab. 2). In Cadurcotherium, the presence of cement and higher tooth crowns suggest a diet composed of abrasive elements such as grit (Blondel 2001) . This taxon would also be a high-specialized taxon, but from dry open woodland (savanna). Mainly in accordance with the data of Uhlig (1999) , Legendre (1989) , Legendre & Hartenberger (1992) , Blondel (2001) and Popov et al. (2004;  see map 2, evaporite deposits in Central France), this suggests that more open and arid environments existed in central-eastern France during the earliest Oligocene, in contrast to more forested and humid environements in southwestern France, Switzerland, and South Germany. The last two areas would have partially been disconnected from the western areas by the Rhenish sea, which could have been connected with the Perialpine sea during the Early Oligocene ( Fig. 2 ; Fischer 1965; Reichenbacher et al. 1996; Sissingh 1997 Sissingh , 2003 Picot 2002; Roussé 2006; Pirkenseer 2007) . The locations of Bressaucourt and Kleinblauen on both sides of the Rhenish sea, in relation with their relevant rhinocerotoid assemblages, is further evidence that the Rhenish and Perialpine seas were at least during certain time periods connected. However, the scarcity of Cadurcoterium localities and the low richness of the material makes palaeoenvironmental and palaeobiogeographical interpretations difficult. Cadurcoterium could have known sporadic short-time phases of dispersion from a possible endemic center in the Quercy, or a vast repartition combined with a high commonness only in the Quercy.
The palaeobiogeographical distribution of earliest Oligocene European rhinocerotoids and their temporal range questions the ways of their continental dispersal. Their Asian origin has been assumed for decades (e.g., Brunet 1979; Prothero & Schoch 1989) . Ronzotherium and Cadurcotherium had pre-"Grande Coupure" representatives in Asia (Dashzeveg 1991; Meng & McKenna 1998) , Epiaceratherium occured in Early Oligocene from Pakistan (Antoine et al. 2003) , and Eggysodon could have been derived from an Eocene Asian taxon close to Fig. 5 . Synthesis of the latest Eocene to Early Oligocene Eurasian rhinocerotoids with emphasis put on the Western Europe record. For the source of the data indicated in the first four columns refer to the caption of Figure 3 . The time interval (ca. 33.6-33.4 Ma) of the "Grande Coupure" event (see Fig. 3 ) is based on high-resolution stratigraphy in the Belgian Basin after Hooker et al. ( , 2009 ). Biochronostratigraphical ranges after Roman (1911) , Heissig (1969) , Brunet (1979) , Dashzeveg (1991) , Meng & McKenna (1998) , Uhlig (1999) , Welcomme et al. (2001) , Antoine et al. (2003), and Becker (2003 (Legendre 1989 ) and on occipital condyles-premaxilla length (Becker et al. 2009 ). Locomotion was based first on the slenderness of the McIII and secondary from MtIII and McII following the method of the gracility index (Guérin 1980) : 100 × TDdia/L. Dietary regime follows partially the subdivisions of Janis (1986): high browser feeding above ground level, regular browser feeding both above the ground and at ground level, and mixed feeder, and was characterised by the head holding that is a function of the feeding (Bales 1996) and by the Hypsodonty Index (sensu Guérin 1980: 100 × H/L). The locomotion and the dietary regime of Cadurcotherium minus were partially estimated by analogies with C. cayluxi from Garouillas, because no skull and metapod of C. minus are documented. For the same reason, the head holding of Epiaceratherium magnum was partially estimated from E. bolcense and the closely-related American Trigonias, and Eggysodon osborni from small-sized relative Hyracodontinae.
Prohyracodon or Teniseggysodon ( Fig. 5; Uhlig 1999) . However, Prohyracodon and other Asian-like mammals are recorded in the Late Eocene of Eastern Europe (Heissig 1989 (Heissig , 1990 Uhlig 1999) , likely indicating earlier migration phases from Asia to Europe. As supposed by Baciu & Hartenberger (2001) , the northern Tethyan littoral was emerged, allowing migrations while the perialpine marine belt isolated Western Europe. The Western European post-"Grande Coupure" mammal dispersal could then have been investigated from North Italy via two secondary routes: a western route to southwestern France and a northern route to Switzerland and South Germany (Fig. 6) . The mammal assemblage from the lignite beds of Monteviale (base MP21; Kotsakis et al. 1997; Uhlig 1999) , although indicating no common elements at specific level between the Venetian area and Western Europe, displays strong similarities at genus level with the faunas of the German Molasse Basin (fissure-fills of Möhren, MP21-MP22) and northwestern Bohemia (Detan, MP21), and the Aquitaine Basin (Villebramar, MP22) (e.g., Fejfar 1987; Heissig 1987; Kotsakis et al. 1997; Uhlig 1999; Fejfar & Kaiser 2005) . The more selective conditions of central-eastern France would have limited the colonisation to specialized taxa as Cadurcotherium and to ubiquist taxa as Ronzotherium and Eggysodon. However, according to recent palaeogeographical maps (Rögl 1999; Meulenkamp & Sissingh 2003; Popov et al. 2004) , there was no permanent link between North Italy and continental Western Europe during the earliest Oligocene. But these palaeogeographical data are based on maximal transgressive periods and possibly include too long time intervals. In fact, the faunal terrestrial assemblages record punctual migrations. This "two secondary routes" scenario is reasonable and in accordance with Kotsakis et al. (2004) , but the alternative northern migration route -the Alpide belt route as suggested by Uhlig (1999) -from Kazakhstan or Mongolia can neither be excluded. In this case, the Rhenish sea would nevertheless have limited the migrations following temporarily available terrestrial ways. Following the seasonal aridity conditions of the Early Oligocene related to a general decrease of the mean annual temperature (Legendre & Hartenberger 1992) and to an overall deterioration in global climate (Pickering 2000) , the Late Oligocene climatic conditions seem to have improved and became more homogeneous at a Western European scale, with the installation of patches of dry to humid forested environments (Legendre 1989; Legendre et al. 1995; Blondel 2001) . This environmental transition could have permitted the establishment of the association Ronzotherium -Cadurcotherium -Eggysodon as recorded in Garouillas (MP25, Aquitaine Basin; Bonis 1995; Bonis & Brunet 1995) or this could even be the reason for the early occurrence of Cadurcotherium in Weinheim-Alzey (MP23, Mainz Basin; Uhlig 1999).
Conclusions
The reviewed mammal remains of Bressaucourt represent the oldest well-dated post-"Grande Coupure" large mammal association, the only occurrence of Cadurcotherium, and the earliest occurrence of rhinocerotoids in Switzerland. The correlation of the Bresseaucourt mammal-bearing deposits with high-resolution stratigraphy permitted a dating of the fauna to ca. 32.6 Ma, which is less than one million years after the "Grande Coupure" event.
Regarding the assemblage of Kleinblauen, the coexistence of Epiaceratherium magnum and E. aff. magnum could suggest a new speciation within the Epiaceratherium lineage around the top of MP22. This locality represents the only well-dated Swiss post-"Grande Coupure" fauna with the persistance of an endemic pre-"Grande Coupure" palaeotherid (Plagiolophus ministri), because the isolated palaeotherid metapod of Vaulruz is not clearly identified and the locality is poorly dated.
Finally, the location of the Bressaucourt and Kleinblauen localities with respect to the Rhenish sea is crucial for the reconstruction of large mammal migration patterns, because the Rhenish sea and its eventuel connection with the Perialpine sea possibly was an important environmental barrier for the mammal dispersal during the earliest Oligocene. In combination with the repartition of similar rhinocerotoid associations Rögl (1999) . The fissure-fill localities of Möhren s.l. and Grafenmühle s.l. include Möhren 4, 13, 7/16, 19, 20 and Grafenmühle 6B, 7, 11, 12, respectively 
